hippocampus of schizophrenia patients in post-mortem studies. 5 Furthermore, DISC1 has previously been shown to directly regulate the GSK3ß signalling pathway with downstream effects on neurogenesis. 6 NRG1-ErbB signalling is also known to interact with the Wnt-GSK3ß signalling pathway, 4 and genetic variants altering NRG1 expression have been implicated in a range of neuropsychiatric disorders. 3 Recently Makinodan et al. 7 have shown that prolonged social isolation in mice during the juvenile period (PND 21-35) resulted in decreased Type III neuregulin expression in the prefrontal cortex and impaired oligodendroctye development and myelination. Here we show that even a relative brief exposure to non-social stressors during the juvenile period is sufficient to produce a selective decrease in NRG1 Type III expression. Taken together, these findings suggest that a wide range of pre-pubertal stressors can produce long-lasting effects on the expression of psychiatric risk genes, with significant implications for brain myelination and development and risk for later psychiatric disorder.
Human telomeres are regions of tandem TTAGGG repeats at chromosomal ends that protect chromosomes from degradation, fusion and recombination. 1 Over time, because of each cell division, the telomere ends become shorter. 1 Thus, telomere length has been considered a cellular marker for age-related diseases and mortality. [2] [3] [4] [5] [6] Shorter telomeres have also been linked to psychosocial stress 7 and, in one study, to posttraumatic stress disorder (PTSD). 2 For example, women with high levels of perceived stress have shorter telomeres than women with low perceived stress. 7 We hypothesized that subjects with PTSD may have shorter age-adjusted leukocyte telomere length (LTL) than age-matched non-PTSD controls. To further examine this hypothesis, we examined the relative LTL (relative T/S ratio, see Supplementary Information) in subjects with and without PTSD from the US Army Special Operations Units deployed during the Iraq and Afghanistan wars. Evidence of short LTL would offer a novel potential mechanism for the excess morbidity and mortality associated with PTSD. The study was conducted after appropriate ethical approval. All subjects provided written informed consent before enrollment. Participants were 650 volunteers with an average age of 29.2 ± 7.3 (18-57) years. We used the PTSD Checklist (PCL)-a 17-item, DSMbased, self-report measure with well-established validity and reliability-for the diagnosis. Current probable PTSD was determined on the basis of endorsement of DSM-IV criteria and a PCL score ⩾ 50 (see Supplementary Information). 8 Trauma exposure or stressful life events (SLE) were assessed with the Life Events Checklist, including an additional four items assessing childhood traumatic events (see Supplementary information). 9 The relative T/ S ratio was assayed using a real-time PCR method (see Supplementary Information). 10 As predicted, participants with PTSD have a lower relative T/S ratio than non-PTSD control subjects (Figure 1a , Po 0.01). This remained true when PTSD subjects were compared with age-matched non-PTSD controls (Figure 1b , P o 0.001).
After examining the relationship of LTL to PTSD, in order to better understand the relationship of TL, SLE and age, we performed further multiple regression analyses (see Supplementary information). We found that among the younger non-PTSD control subjects those who experienced more SLEs tended to have longer LTL than those who experienced fewer SLEs (Figure 1c) . In addition, a negative association between LTL and age was observed in the non-PTSD controls but not in PTSD (Figure 1d ). It is possible that the age effects are not detectable among the PTSD group because they already have shorter telomeres. Therefore, any additional age effect is not seen. The data further suggest that the distribution of telomere lengths was not the same in the PTSD and non-PTSD groups (Figure 1e ).
Overall our findings support a relationship of PTSD and telomere length. There are several possible explanations for the relationships between LTL and PTSD. First, PTSD subjects with shorter LTL may be those vulnerable to stress, developing both PTSD and stress-related cellular aging. This might suggest that stressrelated changes in telomere integrity are a mechanism linking psychosocial stress with age-related disease. [1] [2] [3] [4] [5] [6] Second, those non-PTSD controls who experienced more SLE and did not have a significant reduction of LTL may be a resilient population, being relatively protected from both stress-related cellular aging and PTSD.
Unexpectedly, we found no significant difference in the relative T/S ratio between subjects with and without childhood trauma events (see Supplementary Information), suggesting that the childhood trauma was not uniquely associated with changes in telomere length. These findings contrast with a study 2 showing that childhood trauma is associated with changes in telomere length. The contrasting results may be due to differences in the samples (soldiers vs civilians), types of trauma exposures or other factors including measuring current (as in this study) vs lifetime PTSD. A limitation of our study was that we did not have data on the level of combat trauma exposure in the PTSD group. Such measures could aid in understanding the relationship between war-related stress and telomere length in future studies.
In general, our findings in army special operations personnel provide additional evidence of an association of LTL with PTSD, in accordance with the previous observations in the civilian population, 1 and support the hypothesis that traumatic stress may result in not only PTSD but also cellular aging. In addition, the relative shortening of LTL among some PTSD patients compared with controls suggests that cellular aging may occur in some PTSD subjects but not all. The nature of this relationship warrants further study.
Supplementary Information accompanies the paper on the Molecular Psychiatry website (http://www.nature.com/mp) Figure 1 . The relative T/S ratio in subjects with and without PTSD. (a) The relative T/S ratio in all subjects with or without PTSD. Subjects with PTSD (n = 84) had significantly lower relative T/S ratio than non-PTSD controls (n = 566). (b) Relative T/S ratio was significantly lower for the PTSD subjects (n = 84) compared with age-matched non-PTSD controls (n = 84). (c) The distribution of the relative T/S ratio in the non-PTSD control aged from 18 to 57 years. (d) The relationships between age and the relative T/S ratio in PTSD subjects and age-matched non-PTSD controls. The association of the relative T/S ratio with age was observed in non-PTSD controls (n = 84; y = − 0.0359x+2.1365; r = − 0.32, P o0.05). Such relationship was not obtained in the PTSD subjects (n = 84; y = − 0.0043x +0.6092; r = − 0.03, P40.05). (e) The age-related decrease of the T/S ratio of subjects from panel d was used to establish the distribution of the relative T/S ratio in the non-PTSD controls using a best-fit approach. The curves in different colors represent the expected T/S ratio for the proportion of non-PTSD subjects. The relative T/S ratio of subjects with PTSD was presented as open circles. **Po 0.01; ***P o0.001.
